Abstract
Introduction
As e-commerce becomes common a large number of Internet-based systems have been developed to assist users in different aspects of electronic trading. In particular systems that use software agent technologies are proving to be effective in supporting and automating various stages of the trading process (e.g. product finding, supplier finding, product ordering, delivery monitoring etc) [3, 4, 6] . It has also been recognized that software agents can play an important role in providing automation support for the negotiation stage of e-commerce trading (i.e. enegotiation) 161 . The purpose of such systems is to find a mutual agreement on the terms of transactions that satisfies all parties' constraints, preferences and objectives. Most existing negotiation agent systems support distributive negotiations based on auctions or other forms of competitive bidding where the terms of transaction typically involve a single issue (e.g. price) and/or the agents compete because of their mutually exclusive objectives (e.g. Kasbah [SI and AuctionBot information available to the agents is precisely defined. For example users are usually required to provide exact and precise information about their private preferences, constraints and objectives (e.g. price < $99, delivery time = 1 day, etc). Because most real-world negotiation situations can also involve preferences and constraints that may be imprecisely defined (e.g. low price, budget about $50, more or less the same prices, high quality, short delivery time etc) and soft (i.e. they do not need always to be perfectly satisfied, e.g. one prefers to pay $100 but is still happy with paying a little bit more) autonomous negotiation agents that can consider both incomplete and imprecise information may be needed.
Fuzzy e-Negotiation Agents (FeNAs) is a prototype system of intelligent agents to support fully autonomous multi-issue negotiations in the presence of limited common knowledge and imprecise information. It is an extension of the e-Negotiation Agents based on constraint based reasoning and used in an experimental Intelligent Trading Agency for trading used cars [7, 10, 111 . The FeNAs system uses the principles of utility theory and fuzzy constraint-based reasoning during negotiation, i.e. offer evaluation and counter-offer generation. The agents negotiate on multiple issues through the exchange of offers on the basis of the information available and negotiation strategies used by each party in order to reach a consensus that satisfies their private (hidden) preferences, constraints and objectives. This information can be imprecise where constraints, preferences and priorities are defined as fuzzy constraints describing the level of satisfaction of an agent (and its user) with different potential solutions. The overall objective of an agent is to find a solution that maximizes the agent's utility at the highest possible level of constraint satisfaction subject to its acceptability by other agents. Depending on the constraints of each party the FeNAs can support both distributive and integrative negotiations. During negotiation the agents follow a common protocol of negotiation and individual negotiation strategies. The protocol prescribes the common rules of negotiation (e.g. agents can accept or reject offers, send counter-offers or withdraw from negotiation; agents are expected to accept own offers; negotiation is successful if the final offer satisfies all parties etc). The private negotiation strategies specify how the individual agents evaluate and generate offers in order to reach a consensus according to their constraints and objectives. A number of negotiation strategies have been implemented in FeNAs including the take-it-or-leave-it, no concession, fixed concession, simple concession strategies and their better deal versions. The original FeNAs system was developed and implemented for a negotiation test-bed of the used-car trading. For more details please refer to [7, 13, 141. This paper presents some aspects of a customable version of the FeNAs based on a scenario of multi-issue negotiation for document translation services. In particular the scenario is used to illustrate some capabilities of the FeNAs for autonomous multi-issue integrative negotiation in the presence of limited common knowledge and imprecise/soft constraints and preferences. An overview of the FeNAs' approach is given in section 2. Section 3 illustrates the FeNAs with a negotiation scenario for document translation services. Concluding remarks and some further research directions are presented in section 4.
Overview of FeNAs' Approach
The FeNAs consider negotiation as an iterative decision making process of evaluating the offers, relaxing the preferences and constraints, and making the counteroffers in order to find an agreement that satisfies all the parties. The preferences, constraints and objectives of the parties can be soft and defined imprecisely. The approach used by the FeNAs is based on modeling and solving negotiation as a fuzzy constraint satisfaction problem (FCSP) [5, 12, 19, 201 and in particular as a distributed FCSP (DFCSP) [14] . In general FCSPs are defined by a set of variables with the associated domains and a set of fuzzy constraints relating the variables. In the context of the FeNAs negotiation the issues correspond to the constrained variables and the preferences, constraints and objectives of each party are represented uniformly as fuzzy constraints on these issues. Fuzzy constraints are considered as fuzzy relations between the variables and are represented by membership functions defining the degree of constraint satisfaction with the variable instantiations (possible solutions/agreements). An assignment satisfies a constraint fully if it is evaluated to 1 and violates a constraint when it is evaluated to 0. The intermediate values represent the degree of partial constraint satisfaction. In DFCSPs the variables and/or constraints are distributed among the parties who exchange the coordination information in order to solve a given problem. In the context of the FeNAs negotiation the individual constraints are partitioned between the parties and information is exchanged in the form of offers, i.e. the currently preferred instantiations of the variables corresponding to the issues of negotiation. More formal definition of the negotiation problem in the terms of DFCSPs can be found in [ 141.
A solution of a DFCSP is an instantiation of all the decision variables such that all the constraints of the parties are more or less satisfied. In general the objective of a DFCSP is to find a solution that maximizes satisfaction of all constraints of the parties. In the FeNAs negotiation the set of constraints of each party C' prescribes a fuzzy set of its preferred solutions (individual areas of interest). The possible joint solutions of negotiation (common area of interest) are prescribed by an intersection of individual areas of interest. In this context the objective of the FeNAs negotiation is to find a solution within a common area of interest that maximizes constraint satisfaction of the parties. It should be noted that the common area of interest, i.e. C(x) is not known to the negotiating parties (agents) a priori. Therefore the main goal of the FeNAs is to move towards and to explore potential agreements within the common area of interest in order to find the most satisfactory agreement for the parties.
The FeNAs exchange their preferred solutions in the form of offers according to the individual negotiation strategies (e.g. trade-off and/or concession on a level of constraint satisfaction). Typically each agent starts negotiation by offering the most preferred solution from its individual area of interest, i.e. a solution with the maximal satisfaction degree of the private constraints of a party. If an offer is not acceptable by other agents they make counter-offers in order to move them closer to an agreement. It can involve considering alternative solutions (trade-offs) at the same level of constraint satisfaction (if they exist) or making a concession, i.e. offering a solution with a lower degree of constraint satisfaction. Figure 2 illustrates such a process in a simple buyer-seller negotiation setting.
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The offers already exchanged between the agents constrain the individual areas of interests and the future decisions of the agents (e.g. a rational negotiator would not propose an offer with a lower satisfaction value than a satisfaction value of an offer received already from another party). Therefore the individual areas of interests change (i.e. reduce) when the offers are exchanged during the negotiation process. In order to make an offer each agent solves the DFCSP according to its current local view. The principles of fuzzy constraint propagation based on the rules of inference in fuzzy logic [5, 14, 19, 
Negotiation Scenario with FeNAs
The following scenario has been provided by the DEXA e-Negotiation Workshop: "Company A needs document translations from German to English. The documents vary from simple correspondence to manuals for new software products. Companies X, Y and Z provide translation services, though varying in quality and sometimes with restrictions regarding the time of completion and the availability of translators with knowledge of the business context. All provider organisations compete within an electronic market for translation services. At the time of need Company A negotiates with all interested provider organisations, discussing for instance quality of service, return policy, completion time, and price."
We use this scenario to illustrate some capabilities of FeNAs for autonomous multi-issue integrative negotiation with incomplete and imprecise information. For the sake of simplicity we consider the FeNAs in negotiating an agreement between companies A and X ' for he following issues:
price [500, 10001 (e.g. $) quality [0, IO] (it reflects the document type and complexity, and the skills required to translate it) Assume Company A has a relatively urgent need (e.g. about 6 days) to translate a quite complex document (requiring high quality of translation, e.g. about 7) and is prepared to pay about $700 for the translation service. The quality of translation is more important then the constraints on price and time (e.g. company is prepared to pay more for a good quality translation). Company X is quite busy but is very keen to secure a contract with A. It has resources available to translate documents with more or less average complexity (e.g. about 5) and the preferred time for the service is about 8 days with the price about $800. Its preferences are price, time and quality (i.e. it can make other resources available if the price is attractive). Figure 3 presents the FeNAs' screen shots for the above scenario with constraints and preferences defined for the companies A and X, respectively. The figures also show a progress of negotiation in the form of a graph and fuzzy constraint propagation that allow the agents to keep tracks of changing options during negotiation including the ranges of issue values in possible offers together with the level of constraint satisfaction.
In that scenario the FeNAs were able to reach a consensus for (time, price and quality) at (7, 888, 7) . It is easy to note that this agreement required relaxation of the private constraints by the parties because a solution that would ideally satisfy the parties was not possible. It is an example of an integrative (win-win) agreement according to the constraints and preferences of the agents A and X (e.g. A prefers higher quality and X is interested in higher price). It should however be noted that the agreement reached between the agents may be sub-optimal in the sense of the game theoretical equilibria. The FeNAs agents are rational and self-interested in the sense that they are concerned with achieving the best outcomes for themselves. They are not interested in social welfare or ' It is also relatively easy to use the FeNAs in multiparty negotiations. outcomes of other agents (as long as they can agree on a solution). The rationality of the agents is bounded by the availability of the information and computational resources. It means that the agents try to achieve as good outcome as possible. In other words they do not have always the information and computational resources to obtain the theoretically optimal outcome (e.g according to the game theoretical results).
Conclusion
The paper presents some aspects of a customable Fuzzy e-Negotiation Agents (FeNAs) system for autonomous multi-issue negotiation in the presence of limited common knowledge and imprecise/soft constraints and preferences. The FeNAs use the principles of utility theory and fuzzy constraint-based reasoning in order to find a consensus that maximizes the agent's utility at the highest possible level of fuzzy constraint satisfaction subject to its acceptability by other agents. FeNAs' capabilities for multi-issue integrative negotiation have been illustrated with a scenario for negotiating document translation services.
The results of the initial experiments indicate that a customable version of the FeNAs system can handle a variety of e-negotiation problems with incomplete common knowledge and imprecise/soft constraints. In particular they can provide automation support for multiissue integrative negotiation Although the overall results are encouraging a number of research issues need further investigation. For example adaptability and learning of the negotiation strategies, convergence and optimality of negotiation, opponent modeling, coalition formation and dynamic multi-party negotiation are the subject of our current research [ 11. 
